The ultrasonic velocity and density of methanol solutions of N, N-diisobutylformamide (DBFA) were measured at -5, 5 and 15°C over the entire concentration range. The compressibility, excess compressibility, partial molar compressibility, excess molar volume, partial molar volume were calculated. The concentration dependencies of the velocity and density are nonlinear. On taking account of the results for excess molar volume and excess molar compressibility, the minima of these functions are ascribed to the complex formation type CH3 OH:DBFA and CH3OH:2xDBFA. These complexes are formed by hydrogen bond between methanol and N, N-diisobutylformamide molecules. The strong changes in the concentration dependencies of partial molar volume and partial molar compressibility (within range 0... 0.1 mol. fraction amide) show that methanol and DBFA have strong interactions in the low-mole-fraction regions, too.
Introduction
Much attention has been paid to acoustic studies of intermolecular interactions in aqueous solutions of non-electrolytes [1] . Obviously, it is connected to specific structure of water, whose molecules, due to extensive association, form certain three-dimensional structures. Upon mixing with another organic liquid, these structures undergo substantial transformations, and are converted into both quasi-clathrate structures and mixed molecular complexes, the latter produced by interactions occurring through the network of hydrogen bonds [2] . These phenomena are caused by the processes of hydrophilic and hydrophobic hydration.
So far, one-substituted amides have been used as the non-electrolyte in the studies of aqueous solutions of non-electrolytes [3] [4] [5] . As is generally known [3, 6] , amides in the liquid state form chain multimers owing to the occurrence of intermolecular hydrogen bonds. The topicality of investigations of liquid amides is also conditioned by the fact that similar hydrogen bonds of the type N-H...0, play an important role in the stabilization of the structure of complex protein molecules.
There is a question what kind of interaction we can expect in non-aqueous solutions of amides. As a solvent methyl alcohol was chosen. The other component was N, N-diisobutylformamide, which is a disubstituted amide. Since this amide has alkyl with the saturated character the creation of hydrogen bond between its molecules is more difficult. Sometimes the group EC-H can constitute a proton-donor group yet. Together with oxygen atom it gives possibility to create a weak hydrogen bond between DBFA molecules. The present paper discusses the examination of methanol solutions of N, N-diisobutylformamide. Thus, the purpose of the study was to ascertain whether the self-association of both the alcohol and the amide will be more extensive, or the previous structure of components will be destroyed and mixed complexes will form.
A method of studying intermolecular interactions and the development of complexes in solutions is the determining of excessive and partial values of certain thermodynamic functions. The acoustic method focuses on determining the values of the adiabatic compressibility of the solutions by means of measuring the velocity of propagation of ultrasonic waves. Another necessary quantity to be established is the density of the solutions. This measurement, in turn, provides additional information on the ratio of volumes in the investigated solutions, and thereby generates data for volumetric studies.
The method of study
The concentration of the solutions to be studied was expressed as the mole fraction x2 of N, N-diisobutylformamide.
The solutions were prepared using methyl alcohol (CH3 O H) marked "pure for analyses" , made by the company Odczynniki, Poland (contents of H20 < 0.05%), and N, N-diisobutylformamide (HCON[CH2CH(C113)2]2) , marked "pure", made by Fluka AG, Switzerland (contents of 112 0 < 0.03%).
The ultrasonic velocity in the solutions under study was measured with MATEC (USA) equipment, using the method of echo overlap [7] . This method consists in measuring the time of the passage of each echo of the transmitted pulse; the time corresponds to the phase lag of an elastic wave over a given length of the specimen. The frequency of the ultrasonic transducers was 2.92 MHz. The relative error of the measurement of the velocity of ultrasound was no more than 0.01% throughout the range of concentration and temperature.
The density of the solutions was measured using the submersion diver method, which based on Archimedes' principle of buoyancy. In this case, the relative error was no more than 0.02%.
All measurements were taken at three temperatures: -5, +5 and +15°C, the medium being thermostatic with an accuracy of 0.05°C; temperature was measured by means of a platinum thermistor operating in a Wheatstone bridge circuit, with an accuracy of 0.025°C.
The results of the experiments
Experimental results of the measurements of ultrasonic velocity c and of the density p of the medium in the system methanol-DBFA are presented for concentration and temperature in Table I . Figures 1 and 2 present the same results graphically. The curves representing both quantities are eminently nonlinear regarding the composition, which obviously testifies to intermolecular interactions between the components of the solution. However, sound velocity and density are not molar quantities, therefore the determination of the composition of the complexes is made more difficult.
TABLE I
The ultrasonic velocity and density in the system of CH3OH -DBFA.
TABLE II
The values of the coefficients of the exponential function describing dependences c = .f (x2), P = f (x2) and β = f(x2). The coefficient of adiabatic compressibility βa was given by Laplace's formula (βs = 1/pc2 ) It appeared that the dependence of the velocity of ultrasound, the density of the solutions and the coefficient of adiabatic compressibility, on the concentration could be expressed by an exponential function of the type where y is c, p or β s; x = x2; Table II presents the values of the coefficients c1 ...cg .
The analysis of the results

The excessive functions of molar volume and adiabatic compressibility
One of the methods of determining the composition of the molecular complexes developing in a solution is the investigation of the dependence of the excessive functions of certain thermodynamic quantities on the composition of the solution. The measurements described above made it possible to determine the values of excessive molar volume ΔVm and excessive molar adiabatic compressibility L (Vmβs). As these values are molar quantities, they afford a comparison of the properties of the solutions and a study of selected systems of liquids [5] .
To determine the above-mentioned functions, the molar volume of the so- where (Vmβs ) i and (Vm,βs)2 are the adiabatic compressibility of, respectively, methyl alcohol and DBFA. Figure 3 presents the dependence of the excessive molar volume Vm , and Fig. 4 , of the excessive adiabatic compressibility Δ(Vmβs) , on the mole fraction of DBFA. These relationships may be expressed using the Redlich-Kister polynomial (the solid lines in Figs. 3 and 4) [81:
where y is ΔVm or Δ(Vmβs); x = x2; Table III presents the values of the coefficients of the polynomial αi.
For the entire concentration range we can observe a decrease in the molar volume and compressibility of the solution. The decrease indicates an increase in the association degree of molecules and a stronger intermolecular interaction between components in the solution as compared with pure components. This indicates the "stiffening" of the solution structure and an increase in the energy of near-arrangement in the liquid, too.
As can be noticed, both quantities ΔVm and Δ(Vmβs) reach minimum in the interval concentration 0.33-0.5 mole fraction of amide. Hence, the most likely 
TABLE III
The values of the coefficients of the Reidlich-Kister polynomial for the functions ΔVm = f(x2) and Δ(Vm,βs) = f (x2). molecular complexes being formed in the solutions will assume the form: DBFA:CH3OH and DBFA:2 x C11 3 01. Due to the break-up of self-associates of methanol and amide, mixed complexes were created; they were formed through the hydrogen bond. The above can be presented diagrammatically as follows:
The position of the minimum in the curves which represent both excessive functions, and the values of this minimum shift when temperature varies, because of the changes in the thermodynamic equilibrium and in the quantitative ratio of the various types of mixed complexes.
The partial molar volume and Me partial molar compressibility
Partial molar volume and partial molar compressibility are quantities which characterise the behaviour of individual components in the solution.
A characteristic behaviour of partial molar volumes of components in the solution has been obtained from the dependence of the density of solutions on the concentration. Partial molar volume V1 of the alcohol and the amide V2 were calculated from the following relations:
'f lie partial derivative ap/ax2 was determined by a differentiation of Eq. (2), applying the values of the coefficients presented in Table II . An analysis of the shape of the curves which represent the partial molar volume regarding the concentration (Fig. 5) yields the following conclusions.
Generally, the changes of partial molar volumes in solutions are rather small, especially for region with the low concentration of amide.
For the concentration about 0.3 mole fraction of amide each component accounts to a similar degree for the changes in the volume of the solution; in the interval of concentration of 0.3...1, it is mainly methyl alcohol which accounts for such changes. The self-associated molecules of alcohol were permanently destroyed.
The small extreme of the partial molar volume is observable at the temperatures of 5°C and -5° C, in the interval of concentration where the mole fraction of the amide amounts to 0...0.1. Because in this region of concentration we have only three experimental points the clear interpretation of these results is difficult. We must take into consideration the error of measurements, too.
The values of the partial molar adiabatic compressibility of the alcohol K 1 and the amide K2 was calculated based on the dependence of the coefficient of the adiabatic compressibility of the solutions on the concentration. The partial derivative aβs/ax2 was determined by a differentiation of Eq. (2), applying the values of the coefficients presented in Table H . The following relationships were used in the calculations: Figure 6 presents the relationships of the values of the partial molar volume of the components of the solution, expressing them as relative changes in the partial molar compressibility regarding to the concentration (Ki -K i ) / K i (K° is the molar compressibility of the pure component).
The partial molar compressibility of the components of the solution follows similar patterns (Fig. 6) as the partial molar volume (Fig. 5) . In the interval of concentration where the mole fraction of the amide amounts to 0.3...1, it is mainly the alcohol which accounts for the changes in the elasticity of the medium, while in the interval of 0...0.3, the compressibility of the solutions is determined by the destruction of the structures of the amide aggregates.
The relations K1(x2) and K2 (x2) point to a strong intermolecular interaction between component in the solutions and mixed complex formation, especially in the range of low concentrations.
Conclusions
Ultrasonic and volumetric studies of the alcoholic solutions of N, N-diisobutylformamide suggest that the following type of intermolecular interaction occurs there.
Within the concentration of 0.33...0.5 mole fraction of amide the influence of two substances which form self-associates, i.e., methanol and amide under investigation, leads to the formation of mixed complexes composed of DBFA:CH3OH and DBFA:2 x CH3OH, while at the same time own associates are being broken up. The given molecular complexes originate due to the existence of a hydrogen bond
